Two feedlot studies were conducted with 96 Hereford steers to assess the relationship be:ween selenium adequacy and protein requirements of growing and finishing cattle. The first study was a 98-day growing trial with feeder steers as they gained from 230 to 340 kilograms. Diets contained 55% corn silage (dry matter basis) with shelled corn and were supplemented with soybean meal and sodium selenite to provide three levels of protein, each with basal or added selenium. Two lots of eight cattle each were fed each diet. After the growing study, the cattle were reassigned to a ll2-day finishing study (340 to 480 kg) and fed diets including whole shelled corn and 7% corn silage, with basal or added protein as soybean meal or linseed meal with or without supplemental selenium as sodium selenite. In the growing study, cattle fed the three protein levels consumed 676, 858 and 1026 g crude protein/day and gained 1.01, 1.09 and 1.23 kg/day over the 98 days. Feed conversion averaged 5.76, 5.60 and 5.07. Rate (P<.01) and efficiency of growth were improved 23 and 12%, respectively, for cattle fed the 16.5% protein compared to those fed the 11.6% protein diet. Feed intakes were greater (P<.05) for cattle fed 14.1 and 16.5% protein diets than for those fed the 11.6% protein diet. Plasma urea nitrogen increased (P<.O1) with protein level (7.8, 10.7, 15 .2 rag/100 ml). Cattle fed each diet responded positively to selenium in rate and efficiency of gain, with the greatest response observed for those fed the lowest protein diet. Plasma selenium levels were marginal for cattle fed basal diets, indicating a deficiency, and increased (P<.01) about twofold with supple~Approved for publication as journal article no. 
Introduction
While deficiency of selenium in feedstuffs grown in Ohio and adjoining states has been well documented (Moxon et al., 1976) , the impact of low selenium levels on feedlot performance of beef cattle has not been reported. It has been assumed that typical feedlot diets are adequate in selenium for feedlot cattle. As a result, in many experiments in which certain dietary feedstuffs were deleted or reduced so that protein requirements could be 1136 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 6, 1980 studied, no attempt was made to replace the selenium that had been provided by the deleted feedstuffs. The contribution of selenium from corn-urea supplements is low. However, with soybean meal, brewers grains and dehydrated alfalfa meal, the selenium contribution is probably substantial. While actual protein requirements can be accurately determined only if protein is altered independently from other nutrients, dietary selenium contents have been modified along with protein in many "protein level" studies.
Predicted protein requirements obtained with the Michigan (Fox et al., 1977) , Iowa (Burroughs et al., 1974) and NRC (1976) systems differ widely and, thus, acutal protein needs of feedlot cattle for growing and finishing are not precisely known. The need for definitive information on protein and selenium requirements during growing and finishing phases is evident. The primary objectives of these studies were to determine the feedlot response to supplemental selenium of growing and finishing beef cattle fed various protein levels, and to determine protein requirements of cattle during these periods of growth.
Experimental Procedures
Two factorial design experiments were conducted to determine the effects of selenium level on responses of cattle to supplemental protein. Ninety-six springborn Ohio Hereford feeder cattle were used. The first experiment was a 98-day growing trial involving calves with an average initial weight of 227 kilograms. The calves were fed corn silage at 55% of diet dry matter (DM) with shelled corn, a cornmineral supplement and protein and selenium supplements. Three levels of protein were fed with or without supplemental selenium in the form of sodium selenite. The diets averaged 11.6, 14.1 and 16.5% protein, with .048 or .132 ppm selenium. A mineral supplement was fed in place of soybean meal in the lower protein diets to equalize dietary content of major minerals (Ca, P, K, S). Supplements and soybean meal were pelleted. All cattle were fed once daily after weighing of individual components and complete mixing of the total diet for each pen in a horizontal ribbon mixer. This procedure minimized sorting of diet components by cattle and helped to achieve uniform consumption of dietary components.
A ll2-day finishing study followed the growing study. The same 96 steers were stratified by previous treatment and weight and reassigned to basal, soybean meal-or linseed meal-supplemented diets with or without supplemental selenium. Of interest was the effect of growing period protein level and selenium supplementation on finishing phase response to supplemental protein and selenium. In both studies, cattle were weighed initially and at termination following a 14-hr fast without feed or water. Interim weights were obtained at 28-day intervals just before feeding.
Plasma, liver and feed ingredients were analyzed fluorometrically for selenium (Olson, 1969) . Protein content was calculated from macro-Kjeldahl nitrogen x 6.25. Plasma urea nitrogen was measured colorimetrically with urease and adaptations of procedures of Fawcett and Scott (1960) and Searcy et al. (1961) . Blood samples were collected in heparinized centrifuge tubes and refrigerated and centrifuged, with plasma decanted and frozen as soon after bleeding as possible (procedures similar to those followed by Preston et al., 1978) . Blood samples were collected from each animal between 0700 and 0900 hr before feeding on days 14, 63 and 91.
Protein and selenium contents of feedstuffs are listed in table 1; composition of supplements is listed in table 2. The replacement mineral supplement was formulated to be similar to soybean meal in sulfur, calcium, phosphorus and potassium contents and was substituted for soybean meal to provide the desired protein levels. Sodium selenite, when added, was calculated to provide .1 ppm supplemental selenium. Data were statistically evaluated by least-squares analyses (Harvey, 1960) , with treatment means evaluated by Duncan's new multiple range test.
Results and Discussion
In the growing study ( (1,026 g protein/day) gained 13% faster than cattle fed the 14.6% protein diet (858 g/day). Braman et al. (1973) found that cattle growing from 270 to 350 kg responded to increasing amounts of crude protein (of plant origin) up to 1,097 g/day. Thus, current NRC (1976) crude protein recommendations of 800 g/day (or 11% of DM) appear to be below requirements for maximum performance of beef cattle. Predicted crude protein needs of 957 g/day for cattle at this stage and rate of growth are indicated by the system of Fox et al. (1977) , Cattle on all diets responded positively to additional inorganic selenium. Cattle fed the 11.6% protein diet responded most in daily gain (8%) and feed conversion efficiency (7%), indicating that dietary selenium levels were more critical for cattle fed diets marginal or deficient in protein. In experiments conducted in Indiana (Thomas et al., 1976) , dehydrated western alfalfa meal and cane molasses (usually good sources of selenium containing about .6 and .4 ppm) were replaced in a urea supplement with locally-grown corn to provide lower protein levels. This corn is naturally low in selenium; consequently, dietary selenium levels were reduced more than protein levels were. Calculated selenium levels would be about .04 ppm for basal protein corn diets and .1 ppm for diets supplemented with dehydrated alfalfa meal and molasses. Results of the present study suggest that the reduced performance reported by Thomas et al. (1976) for cattle fed a basal protein diet may be attributable to reduced selenium in the diet. In support of this explanation, Thomas et al. (1976) reported an improved (P<.05) rate of gain (14%) when dehy- Perry et al. (1976) observed a significant gain response to supplemental selenium in one of two experiments with growing-finishing cattle. In their first experiment, calculated total protein consumption was low (about 700 g/day) and somewhat greater (about 740 g) when selenium was added, largely because of greater feed consumption. In the second experiment, no significant response to .1 ppm supplemental selenium was noted. However, total protein intake, estimated at 790 g/day, was close to estimated protein needs (800 to 850 g) of similar cattle Workman et al., 1977) . Therefore, cattle in the second experiment received amounts of crude protein that were more nearly adequate. The apparent difference in response to selenium between the two Purdue experiments may be attributable to the relative protein deficiencies of the diets fed, with a beneficial response to selenium occurring when protein-limiting diets were fed. This conclusion, while indirect, is in agreement with the results of our study with growing cattle.
Plasma urea nitrogen (PUN) levels reflected dietary protein levels; PUN increased (P<.01) with increases in protein level. The gain response to the highest level of supplemental protein suggests that the PUN level consistent with maximum rate of gain was between 11.1 and 15.2 mg/100 ml. Blood samples were drawn before feeding and therefore should have reflected minimal PUN values. Plasma urea nitrogen levels of cattle in each protein treatment were similar on days 14, 63 and 91 and showed no change with time or weight. Minimum PUN levels consistent with maximum performance may be higher for growing cattle (230 to 350 kg) than for finishing cattle. Preston et al. (1978) indicated maximum gain in finishing cattle with PUN values of 7 to 8 rag/100 ml of plasma.
Plasma selenium levels of cattle fed basal diets were marginal, suggesting a deficiency state. Plasma selenium levels increased (P<.01) about twofold with selenium supplementation. Moxon (1973, 1974) injected native feeder calves and Texas feeder calves with selenium 3 and observed a gain response 3 MU-SE, Burns Pharmaceuticals.
(9%) when initial plasma selenium levels were low (<46 ppb) but no response when initial plasma selenium levels were 60 or 127 ppb, respectively. Thus, these data indicate that when growing cattle are fed diets marginal or deficient in selenium, a response to supplemental selenium can be expected, especially if protein intake is marginal.
Finishing Study. In contrast to the growing study, supplemental selenium (as sodium selenite) did not alter rate or efficiency of gain or DM consumption during finishing (table 4) . Research with swine (Mahan and Moxon, 1978) indicates a greater need for selenium during early growth. Therefore, finishing cattle may require less selenium because they are principally depositing fat and little protein (Rompala and Byers, 1978) . Growth rates of cattle supplemented with soybean meal or linseed meal were similar, averaging 13% above (P<.05) those of animals fed the basal protein diet. Feed conversion efficiency was improved only marginally (6.28 vs 5.94) with supplemental protein.
The similar performance of steers fed soybean meal and steers fed linseed meal further indicates that supplemental selenium (supplied in organic forms in linseed meal) was not required by these finishing cattle.
Protein levels fed during the growing phase had a significant impact (P<.002) on finishing period growth. Average daily gains were 1.31, 1.24 and 1.12 + .04 kg for cattle previously fed 11.6, 14.1 and 16.5% protein diets, respectively. Gain response to supplemental protein in the finishing stage (table 5) rended to be greater for cattle previously fed the 11.6% protein level (+ .18 kg) than for those fed the 14.1% (+ .13 kg) and 16.5% (+ .11 kg -+ .07) protein levels; however, this interaction was not significant.
Thus, supplemental protein needs of cattle growing from 340 to 480 kg appear to be greater for animals previously fed lower protein levels than for those previously fed higher levels. This may indicate that some compensatory growth occurrs for cattle fed lower protein levels during the growing phase. Since cattle responded to protein levels above the basal diet (700 g/day) but did not respond to levels over 880 g, the requirement for cattle in the finishing phase appears to be between 700 and 880 g/day. Young et al. (1973) .o ea.a cate that crossbred cattle weighing 350 kg or more and fed high moisture corn did not respond to crude protein levels above 857 g/ day. Riley and Harrison (1975) found that 800 g crude protein per day provided by a high concentrate diet were adequate for cattle that weighed over 340 kilograms. In two studies with Holstein steers, Young (1978) found that levels of crude protein above the 870 g/day provided by basal high grain or silage diets resulted in no additional response, indicating that the basal diets were adequate 9 Results of several studies conducted in Minnesota (summarized by Thonney et al., 1975) indicate that supplemental protein was not needed when total protein consumption from basal corn diets was above 800 g/day. Workman et aL (1977) found that yearling Hereford cattle consuming more than 810 g of crude protein daily from corn basal diets did not respond to supplemental protein, while cattle started as calves ate less total feed per day, consumed less than 750 g of protein per day from basal diets during finishing (340 kg to slaughter) and responded to supplemental protein. Thus, protein intake was inadequate even though crude protein content of the basal diet was higher than in the yearling study (9.8 vs 8.3% of DM). This emphasizes the discord that may arise between percentage formulation and quantities of protein required. In another study (Byers and Moffitt, 1977) , protein needs of yearling cattle were less than 840 or more than 850 g for nonimplanted and DES-implanted cattle, respectively. Recent research in Michigan (Fox et al., 1977) indicated that about 850 g of crude protein were adequate for finishing Holstein steers fed high grain diets.
Discussion
To partition protein requirements of cattle, stage and rate of growth must be considered. During periods of rapid protein accretion, cattle respond to protein levels of up to 1,020 g/day 9 These amounts are substantially higher than the NRC (1976) recommendations of about 800 g/day for cattle growing from 230 to 350 kg at the rate of 1.3 kg/day. Results of our studies indicate a substantial (13%) response in growth rate to the feeding of more than 850 g protein/ day and show that crude protein requirements for average-frame Hereford steer calves fed high energy diets are between 860 and 1,000 g/day. These amounts are similar to that predicted from the Michigan system (950 g), in excess of estimates from the Iowa system (870 g) and substantially above NRC recommended levels.
During the finishing phase (from 340 to 480 kg), the cattle in our study responded to quantities of crude protein greater than that provided by the basal diet (700 g). The NRC (1976), Iowa and Michigan systems indicate crude protein requirements of approximately 920, 880 and 795 g/day, respectively, for finishing cattle (340 to 480 kg) gaining 1.3 kg/day. Cattle fed suboptimal amounts of protein during the growing phase appeared to respond more to higher levels of protein during the finishing phase than did cattle fed adequate amounts of protein during the growing phase. Since cattle adequately supplemented during the growing phase showed a marginal (.11 kg/day), insignificant response to supplemental protein during the finishing phase, it is likely that the protein requirement of these cattle fed shelled corn diets during finishing was closer to 800 than to 900 g/day. Maximum protein requirements determined by other researchers for similar cattle post-350 kg include: 857 g (Braman et aL, 1973) , 750 g (Young et al., 1973) , 800 g (Thonney et aL, 1975) , 800 g (Riley and Harrison, 1975) and 810 g (Workman et al., 1977) . Requirements of finishing Holstein steers may be slightly higher: 870 g (Young, 1978) ; 850 g (Fox et al., 1977) . Our study and other recent research indicate that crude protein requirements for maximum growth of Hereford steers fed corn silage/corn diets approach 1,000 g/day during the stage of growth when protein accretion is most rapid and decrease to approximately 800 g/day for finishing cattle weighing 350 kg and more and fed shelled corn diets.
Our data indicate that the needs for selenium are greatest when protein requirements are greatest. The response to supplemental selenium was greatest for cattle fed diets that provided less than optimum levels of protein.
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